ABSTRACT As part ofan environmental monitoring and medical surveillance programme to evaluate potential health hazards from firefighting, complete baseline medical examinations were performed on a cohort of 77 firefighters. During a ten day study period, 37 follow up medical examinations were performed after exposure to fire to monitor any significant differences in pre-fire and post-fire physiological indices, including pulmonary function and blood counts and chemistries. For the group as a whole, no significant differences were found. For individuals not wearing respiratory protective equipment, however, statistically significant post-fire decrements in FEV, and FVC were noted. These decrements were consistent with previously shown levels ofexposure to pulmonary toxicants in this cohort. These results support the need for more extensive use ofrespiratory protective equipment by firefighters.
With the increasing use of synthetic chemical based products in building construction in recent decades, there has been growing concern over the health hazards to firefighters from the inhalation of the toxic components of smoke.' Several studies of victims of smoke inhalation and firefighters have shown various acute health effects, particularly decrements in pulmonary function after exposure to smoke.' For example, Whitener et al studied pulmonary function in 28 patients after smoke inhalation and observed significant pulmonary obstruction within hours of exposure.2 Results of studies of firefighters have been similar. Musk et al studied 39 Boston firefighters after smoke inhalation and noted significant decrements in the forced expiratory volume at one second (FEV,); 30% of the fire exposures caused a reduction in FEV, of 100 cc or more. 3 Loke et al found an excess of changes in pulmonary function compatible with small airways disease (maximum expiratory flow-volume studies with helium/oxygen) in their study of 54 Connecticut firefighters, particularly in cigarette smokers or non-smoking firefighters with at least 25 years ofservice. 4 both, in 18 of 76 pulmonary function measurements obtained within two hours of exposure to fire but also acute increases in airway responsiveness to methacholine challenge unrelated to baseline airway responsiveness.6 Several follow up studies of firefighters have raised the serious possibility that the observed acute alterations in pulmonary function may not always be temporary and reversible but that severe or repeated exposure to smoke may lead to chronic lung disease. ' We have recently reported a personal environmental hygiene monitoring study of 51 firefighters that showed significant exposures of these firefighters to numerous toxic inhalants (including carcinogens, asphyxiants, particulates, and irritants) during the course of their routine firefighting duties.'0 An extension of this study included medical surveillance of these firefighters with complete baseline medical examinations and follow up evaluations after each fire. This report presents the initial results of that medical surveillance with particular reference to the acute pulmonary effects noted in previous studies.
Methods
The cohort of firefighters studied consisted of 77 professional firefighters in five companies assigned to two firehouses in Buffalo, New York, who volunteered to participate in the environmental monitoring and 210 medical surveillance programme.'0 These firefighters were given a baseline medical evaluation that consisted of self administered general health questionnaire, physician administered occupational health questionnaire, physical examination, chest x ray examination, electrocardiogram, pulmonary function testing (FEV, and FVC using a Collins spirometer model 1300 according to American Thoracic Society criteria), 24 hour urine collection and blood tests (complete blood count with differential, 12 routine serum chemistries, carboxyhaemoglobin level, and methaemoglobin level). They were then fitted out with personal environmental monitoring devices. As each firefighter in this cohort responded to a fire call, information was recorded on the time, date, and location of the fire, the company and firefighter responding to the incident, the type of personal monitoring performed, the activity performed (rescue, fire control, overhaul), characteristics of the fire (type of structure, material burning, smoke intensity), and the use of any respiratory protective equipment. After each fire, the firefighters were immediately taken for follow up testing which included all parts of the baseline evaluation except for the questionnaires, chest x ray films, and urine collection. Thirty seven appropriate follow up examinations were completed during the 10 day period of the initial investigation, the remaining firefighters being unavailable during the study period owing to holidays, illness, or sick leave for follow up of abnormal baseline findings. As described previously, the study period encompassed 14 14 firefighters, comparison of pre-fire and post-fire FEV, and FVC yielded significant differences. The average baseline value for this subgroup for FEV, was 3 80 1 compared with an average follow up value of 3-61 1, the difference being statistically significant (p -0-014). The corresponding pre-fire and post-fire values for FEV, for those wearing respiratory protection were 3 80 1 and 3-89 1, respectively. The average baseline value for the unprotected group for FVC was 5 03 1 compared with an average follow up value of 4 81 1, again a statistically significant difference (p -0 007). The corresponding pre-fire and post-fire values for FVC for those wearing respiratory protection were 4.99 1 and 5 01 1, respectively. The magnitude of these changes is compatible with those noted in other studies.36 In the cases where simultaneous personal monitoring data were available the individuals not wearing respiratory protection were exposed to significant levels of carbon monoxide, benzene, particulates, and sulphur dioxide and lesser amounts of dichlorofluoromethane, trichloroethylene, chloroform, perchloroethylene and toluene, as described previously'"; observed levels of some of these-for example, sulphur dioxide at 2-5 ppm-are consistent with levels in other studies that have shown measurable decrements in pulmonary function in exposed individuals.".'4 Levels of exposure to carbon monoxide in these individuals ranged from 11 to 167 ppm and on medical examination five of the 14 individuals not wearing respiratory protective equipment were found to have increases in their carboxyhaemoglobin levels, although the average difference for the group (1.5% pre-fire v 2-0% post-fire) did not achieve statistical significance. Two individuals were also noted to have serious post-fire rises of their meth-Health hazards offirefighters: acute pulmonary effects after toxic exposures aemoglobin levels; however, no exposure to potentially responsible aliphatic or aromatic nitro or amino compounds could be documented, although such exposure could have occurred outside the period of environmental monitoring at those particular fires.
Previous investigators who have reported comparable findings in firefighters have concluded that personal respiratory protection for firefighters is inadequate to prevent the common occurrence of acute decrements in pulmonary function and therefore needs to be improved. 6 The current findings, however, would tend to suggest that the personal respiratory protective equipment available to firefighters is perfectly adequate at least in terms of preventing acute decrements in pulmonary function when used in the appropriate circumstances. Unfortunately, it is not always clear to firefighters when the use of personal respiratory protective protection is necessary. As we have noted previously, the use of personal respiratory protection usually correlates with the visual impression of smoke intensity at a fire; however, the presence of significant concentrations of respirable toxic materials does not necessarily correlate with the impression of smoke intensity.'0 Thus as noted in this study, firefighters are frequently exposed to toxic inhalants that result in measurable decrements in pulmonary function due to failure to use respiratory protective equipment. This observation would argue for the more extensive use of personal respiratory protection by firefighters regardless of the impression of hazard estimated by smoke intensity. Further study is necessary to document whether the observed acute effects in this study lead to increased morbidity and mortality from chronic lung disease, as has been suggested by others, or to other diseases such as cardiovascular disease (due to the documented carbon monoxide exposure) and cancer (due to the documented exposure to carcinogens including benzene, formaldehyde, and chlorinated hydrocarbons).
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